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Debate: Whether abdominal aortic aneurysm
surgery should be centralized at higher-volume
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Matthew Thompson, MD,a Peter Holt, PhD,a Ian Loftus, MD,a and Thomas L. Forbes, MD,b London,
United Kingdom; and London, Ontario, Canada
Volume-outcome relationships in vascular surgery have become increasingly relevant in recent years. At the individual
surgeon level, increased experience has been linked with improved patient outcomes after volume-outcome and learning
curve analyses. At the hospital level, further analyses have generally shown a similar relationship linking the busier
hospitals with improved outcomes. However, is this relationship sufficient and robust enough to support important
health care delivery decisions regarding centralization of care? In England, such information has helped to shape the
vascular surgery reorganization process in London. The following discussion presents the advantages and disadvantages
of the practical use of such information. (J Vasc Surg 2011;54:1208-14.)
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pPART I: ALL MAJOR ARTERIAL
INTERVENTIONS SHOULD NOW BE
PERFORMED IN HIGH-VOLUME CENTERS—
ABDOMINAL AORTIC ANEURYSMS. PAPER
FOR THE MOTION
Matthew Thompson, MD, Peter Holt, PhD, and
Ian Loftus, MD, London, United Kingdom
. . . increased hospital and surgeon experience leads to im-
proved outcomes following various vascular surgery proce-
dures including EVAR
—Thomas L. Forbes et al (1996)1
It seems almost inconceivable that, in the modern
health care climate, vascular professionals continue to de-
bate whether complex surgical interventions with high
From the St. George’s Vascular Institute, St. George’s, NHS Trust, London,
UKa; and the Division of Vascular Surgery, London Health Sciences
Centre and the University of Western Ontario, London, Ontario,
Canada.b
This article is being copublished in the Journal of Vascular Surgery® and the
European Journal of Vascular and Endovascular Surgery®.
Competition of interest: none.
Reprint requests: Prof Matthew Thompson, St George’s, Vascular Institute,
4th Flr St. James Wing, St. George’s Hospital, London, SW17 0QT UK
(e-mail: matt.thompson@stgeorges.nhs.uk); and Thomas L. Forbes, MD,
London Health Sciences Centre, 800 Commissioners Rd East, E2-119,
London, ON N6A 5W9, Canada (e-mail: tom.forbes@lhsc.on.ca).
The editors and reviewers of this article have no relevant financial relationships to
disclose per the JVS policy that requires reviewers to decline review of any
manuscript for which they may have a competition of interest.
0741-5214/$36.00i
Copyright © 2011 by the Society for Vascular Surgery.
doi:10.1016/j.jvs.2011.07.064
1208orbidity and mortality should be performed in centers of
roven excellence with an adequate caseload, or whether
hey should remain in a greater number of more local,
ow-volume providers with little proof of safety. The evi-
ence for centralization appears robust and incontrovert-
ble, and yet there are still clinicians who suggest aneurysm
ervices are best provided in small-volume units, with sparse
urgical cover and mortality rates that are often unaccept-
bly high. There may be a multiplicity of motives for
linicians who argue for the historic “status quo,” but it is
bvious that arguments in favor of small-volume providers
annot be based on achieving the best outcome for pa-
ients.
This article will present, briefly, an overview of the
urrent evidence that supports the premise that fewer pa-
ients will die immediately after elective aneurysm surgery if
he surgery is performed in a unit with a high case volume
nd proven record of safety.
HE VOLUME-OUTCOME RELATIONSHIP
OR ELECTIVE ANEURYSM REPAIR
There is a strong evidence base that suggests that
ortality from elective aneurysm surgery is significantly less
n centers with a high caseload than in units that perform a
ower number of procedures. A meta-analysis of the exist-
ng literature2 reviewed studies containing 421,299 elec-
ive aneurysm repairs and reported a weighted odds ratio of
.66 in favor of higher-volume centers dichotomized at 43
ases/year. This result echoes meta-analyses of most com-
lex surgical interventions and should be regarded as defin-
tive and highly informative.
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Volume 54, Number 4 Thompson et al 1209However, although robust, meta-analyses can be cri-
ticized due to publication bias, heterogeneity, and the
predominance of data from certain countries. Additional
information may be gathered by analyzing national admin-
istrative data. A typical volume-outcome curve is illustrated
in the Fig3 for elective aneurysm repair in the United
Kingdom (UK) between 2001 and 2005. These data dem-
onstrated that the mean mortality rate for an elective repair
was 7.4% and that 80% of all aneurysm repairs took place in
units that performed 33 cases annually. Importantly, the
mortality rate in the units with the lowest caseload was 8.5%
compared with 5.9% reported by units with a higher caseload.
Even more worrying are the many small-volume centers
where the elective mortality may often be20% (region A in
the Fig).
Individual hospital performance from administrative
data sets can be assessed by safety plots.4 A safety analysis of
UK data found 30 of 410 hospitals performing elective
aneurysm surgery had a mortality rate significantly above
the national average. All of these units with high mortality
rates were at the low end of the volume spectrum. In
addition, to statistically demonstrate a record of safe sur-
gery (below the national average), an annual volume of at
least 39 elective cases was required, with a mean mortality
rate of 7.4%. If the national mean mortality rate were to be
lower—as might be expected with endovascular aneurysm
repair—then a greater number of cases would be needed to
prove safety.
The blunt message, virtually unopposed in a vast liter-
ature base from many different sources,5,6 is that elective
and ruptured aneurysm repair is performed with lower
mortality rates in units with a large caseload, that services
are currently inappropriately organized in a mass of small-
volume centers, and that low-volume units cannot demon-
strate evidence of safety.
In other specialities, such data have been sufficient to
prompt a reorganization of services with centralization of
complex interventions. However, vascular surgery has been
curiously reluctant to recognize the importance of the
Fig. Mortality (drate) plotted against the number of aneurysm
repairs during a 5-year period from 2000 to 2005.volume-outcome relationship, with an attendant excess rortality rate under current service configurations, and to
entralize aneurysm services. A number of theoretic objec-
ions to centralization have been raised and will be ad-
ressed below.
S THE MAGNITUDE OF ABSOLUTE
IFFERENCE IN MORTALITY SUFFICIENT TO
USTIFY CENTRALIZATION?
It might be argued that the 3% to 4% absolute mortality
ifference between the lowest volume and highest volume
nits does not justify centralization of aneurysm services. It
ust, by necessity, be a matter of opinion how big a
ortality difference is acceptable to an individual health
are system, but we would argue that all patients should
ave access to high-quality services with a proven record of
afety.
Irrespective of the absolute mortality differences in
lective surgery, the mortality differences in the emergency
etting are more dramatic. In a study of ruptured abdomi-
al aortic aneurysms (AAAs) in the United Kingdom be-
ween 2003 and 2008, the absolute mortality differences
etween hospitals in the lowest and highest volume quin-
iles reached a staggering 24%.7 The significance of this
bsolute difference would not appear to be in doubt.
Of course, relying on the operative mortality rate only
ells part of the story, because case mix and patients con-
idered “unfit” for surgery must also be considered. In
hese areas, there is evidence to suggest disparate practices,
ith no surgical intervention being offered to 50% of
mergency patients in the lowest quintile units compared
ith approximately 20% in the highest volume centers.7
gain, the absolute difference in these practices cannot be
onsidered acceptable.
HAT ABOUT LOW-VOLUME CENTERS WITH
O DEATHS?
In any volume-outcome plot, a number of relatively
ow-volume units will have an elective aneurysm mortality
ate of 0% (region B in the Fig). It is tempting to speculate
hat these units should not be part of any centralization due
o their apparent good results. This zero mortality paradox
as investigated by Dimick and Welch,8 who studied hos-
itals that had reported a zero mortality rate between 1997
nd 1999. When the outcomes for these hospitals in 2000
ere compared with the rest of the Medicare data, the
zero mortality” hospitals had a lower caseload (four vs 13)
nd higher mortality (6.3% vs 5.8%). The finding of zero
ortality in this study did not reflect superior results, but
ust a function of low case volume. None of these hospitals
ould be able to demonstrate statistical evidence of safety.
RE VOLUME-OUTCOME DATA APPLICABLE
O THE ENDOVASCULAR ERA?
Most data investigating the effect of caseload on elec-
ive aneurysm surgery have been derived by analysis of
atients undergoing open repair. Clearly, the advent of
ndovascular surgery will change this relationship. Two
ecent studies investigated the effect of endovascular repair
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surgery. The studies demonstrated that:
● Hospital volume was significantly related to elective
aneurysm mortality for open repair, endovascular re-
pair, and the combined (open  endovascular)
group.9 There was a significant difference between
endovascular mortality between the lowest and highest
quintile providers (6.88% vs 2.88%), and a 77% reduc-
tion in mortality was observed for every 100 endovas-
cular repairs performed.
● Higher-volume hospitals were more likely to adopt
endovascular therapy (44% in high-volume hospitals vs
18% in low-volume hospitals).5
● Hospital volume was an independent predictor of
death.
● Results were defined by the total aneurysm caseload
rather than either endovascular or open cohorts alone;
that is, hospitals with a large, predominantly endovas-
cular caseload also reported better than average results
from open aneurysm repair.
The data from both studies suggested that, if anything, the
relationship between hospital caseload and outcome be-
comes even more important if endovascular technology is
incorporated into the analysis.
TRAVEL TIMES AND PATIENT PREFERENCES
The most important aspect defining the provision of
aneurysm (or any other) services must be the acceptability
to patients. There is a clear trade-off between the advan-
tages associated with a high-volume center and the difficul-
ties caused by prolonged travel times for patients and
relatives. In a modeling exercise, Holt et al10 defined the
increased travel times that would be associated with a
centralized model of care for aneurysm surgery in the UK.
If aneurysm surgery was performed in centers with a record
of demonstrable safety and a relatively low-volume thresh-
old of 33 procedures/year, the number of hospitals per-
forming aneurysm repairs fell from 242 to 48 and travel
times increased by 28 minutes relative to the nearest hos-
pital.
The acceptability of increased travel times was assessed
in a study of 262 patients.11 Patients were asked to com-
plete a questionnaire that was calibrated against the time an
individual was willing to travel to access specific attributes
of an aneurysm service. Approximately 92% of individuals
stated a willingness to travel for at least 1 hour beyond their
nearest hospital to access services with a lower perioperative
mortality, lower nonfatal complication rates, a high annual
caseload of aneurysm repairs, and routine availability of
endovascular repair. This study demonstrated that patients’
preference to access safe, modern surgery in a high-volume
center outweighed their concerns about travel. The signif-
icance of these data should not be underestimated when
considering where aneurysm services should be delivered.ENTRALIZATION IMPLIES POOR SURGEON
ERFORMANCE IN LOW-VOLUME UNITS
Undoubtedly, discussion of centralization has been
ersonalized by the feeling that stopping aneurysm surgery
t an institution implies that surgeons in these centers are
erforming poorly. Although there is a relationship be-
ween individual surgical caseload and outcome,12 it is the
nstitutional experience that is the most important facet of
elivering good-quality care. The importance of the insti-
utional component was recently emphasized by Ghaferi et
l,13 who studied 84,730 inpatients undergoing vascular or
eneral surgery. The study reported that complication rates
fter surgery were not different between high-mortality and
ow-mortality institutions but that mortality rates after
ajor complications were responsible for differences in
ortality (21.4% vs 12.5%). This study gives credence to
he impression that outcomes may be defined by the insti-
utional facilities, protocols, and familiarity with challeng-
ng management of complex interventions.
ONCLUSIONS
The brief review of evidence presented above mandates
he centralization of aneurysm services to high-quality
igh-volume providers with a proven record of safety.
here appear to be no convincing arguments for maintain-
ng aneurysm repair in low-volume hospitals. We have
eliberately not discussed the financial implications of such
entralization, but these are likely to be neutral at worst,
ith increased travel times being balanced by increased
uality and reduced hospital stay as units move toward
ational and international exemplars.
Perhaps the most pertinent unresolved question is how
o define high-volume and low-volume centers. The avail-
ble literature uses differing thresholds according to study
esign, with many studies merely dividing caseload data
nto quartiles or quintiles to demonstrate the nature of the
elationship. Exact volume thresholds will differ in various
ealth care systems where there is disparate organization of
ervices. However, it is important to note that the volume-
utcome relationship is continuous, with improvements in
utcome seen with increasing volume. Clearly, a pragmatic
pproach to defining an appropriate threshold is mandated.
e believe that aneurysm repair should not be undertaken
n centers performing 50 cases/year, and ideally, the
nnual caseload should approach 150.
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PART II: THE CASE AGAINST
CENTRALIZATION OF ABDOMINAL AORTIC
ANEURYSM SURGERY IN HIGHER-VOLUME
CENTERS
Thomas L. Forbes, MD, London, Ontario, Canada
At first glance, this might not seem like much of a
debate. Over the last decade or so, proponents of central-
ization of abdominal aortic aneurysm (AAA) surgery have
amassed volumes of literature in support of their position,
with much of this literature originating from the esteemed
St. George’s Vascular Institute.1-5 Their arguments are
persuasive, with their convincing evidence of a volume-
outcome relationship with AAA surgery. This relationship
is so intuitive to most surgeons, and so carefully demon-
strated by the centralization proponents, that it has become
an almost indisputable motherhood type principle. That’s
all well and good when the debate remains an academic
one, but when such centralization strategies are imple-
mented, a closer and more practically relevant analysis is
necessary. On further scrutiny, this volume-outcome rela-
tionship is not as clear-cut and persuasive as it might be at
first glance.
Biases on both sides of the argument are obvious and
pervasive. Not surprisingly, centralization supporters tend
to work at higher-volume centers with favorable outcomes,
whereas those resisting centralization efforts often work at
lower-volume centers, often with favorable outcomes.
Centralization of AAA surgery has occurred in several in-
ternational jurisdictions with a planned and data-driven
approach6 or with an unplanned approach by exclusion.7 In
either instance, the practical challenges of a centralization
strategy have outlined the complexity of the situation rather than the simplicity of a simple volume-outcome
elationship. So, before blindly following our colleagues
ho would advocate centralization of AAA surgery, let’s
ake a closer look at some of the intricacies, challenges, and
ossibly, some negative effects that would result from such
strategy.
OLUME-OUTCOME RELATIONSHIP
A superficial examination shows this volume-outcome
elationship with elective aneurysm surgery is simple, intu-
tive, and makes good common sense. We would hope that
ore experience results in better results, and it generally
oes. So why don’t we move all aneurysm cases to those
urgeons and centers already performing a lot of repairs,
nd with even higher case volumes, we would expect even
etter results? Well, let’s take a second look: it might not be
s simple as that. In fact, two recent systematic reviews
ave questioned the existence or at least the strength of
uch a relationship, partially because of methodologic chal-
enges.8,9
First of all, whose case volumes are we talking about?
onflicting studies claim that it is either the surgeon’s
xperience10,11 or the hospital’s case volumes1-3 that are
he most important in driving improved outcomes. So
hich one is it? Is it either, or both? What about a busy
urgeon with large aneurysm caseload in a low-volume
ospital, or a low-volume surgeon in a busy high-volume
egional hospital? What outcomes can a patient expect
hen?
Second, what defines a high-volume or low-volume
ospital or surgeon? Some investigators, including the St.
eorge’s group, have advocated a specific threshold vol-
me of elective repairs of 30 per year,2 whereas others have
ot.8 Is a simple case-volume requirement all that is neces-
ary to lower mortality rates?
Even such staunch volume-outcome proponents as the
urgeons from St. George’s have admitted that there may
e more to the story. They now suggest that decisions
egarding centralization should not be based exclusively on
ase-volume thresholds, but on quality of care indexes.4
lthough higher case volumes may be related to improved
utcomes, a causal relationship may not exist. It might be
he addition of other quality of care indexes that increased
ase volumes permit that actually result in better patient
utcomes. For example, an analysis of in-hospital mortality
ates after elective aneurysm repair in California hospitals
xplored the contribution of case volumes and other quality
f care indexes.12 A 51% reduction in mortality was ob-
erved in hospitals that implemented a policy of periopera-
ive -blocker usage, but there was no improvement in
ortality rates at hospitals that met a case-volume thresh-
ld. There are other instances and examples where the
chievement of quality of care indexes was more successful
n improving patient outcomes than the performance of a
ertain number of aneurysm repairs.13
So upon further review, a quality of care-outcome
elationship probably will be more causal than any volume-
s
v
c
a
s
s
i
r
m
(
P
t
f
s
c
a
P
i
a
i
t
i
m
n
e
p
i
p
d
4
t
b
a
O
1
l
r
f
t
c
p
m
a
w
t
e
w
t
t
E
JOURNAL OF VASCULAR SURGERY
October 20111212 Thompson et aloutcome relationship. Any positive volume-outcome rela-
tionship likely reflects certain best practices and quality of
care standards that come with experience, whereas negative
volume-outcome relationships reflect that these practices
are not guaranteed in higher-volume settings nor are they
limited to the busiest hospitals and surgeons.
ANEURYSM CARE
With centralization of aneurysm surgery, more patients
with ruptured AAAs will require transfer to regional cen-
ters. These regional centers will need to have sufficient
resources to meet these increasing demands for emergency
surgery, both from the human resource and the infrastruc-
ture standpoint. In some areas, this increased demand
might be difficult to accommodate, including the United
Kingdom (UK), where at one point, 25% of tertiary aca-
demic centers declined urgent referrals if no intensive care
unit bed was available.14 This infrastructure and resource
discrepancy will require attention before any formal cen-
tralization process can even be contemplated.
The volume-outcome relationship with ruptured aneu-
rysms has been explored, but not to the same extent as with
elective cases. Conflicting evidence exists that supports1,10
or refutes2,15 the existence of this relationship with rup-
tured aneurysms. In fact, two of these conflicting reports
were penned by the St. George’s group. A meta-analysis
revealed an association between higher volumes and lower
mortality rates after ruptured aneurysm repair,1 whereas an
analysis of Hospital Episode Statistics2 failed to show such
an association. What are we to think?
Regardless, let’s assume that increased case volumes
might result in improved outcomes with ruptured aneu-
rysms. There still is a price to pay for centralization. Rup-
tured aneurysms pose a time-sensitive, life-threatening
problem that requires expedient attention. The clock is
ticking, and any delay in treatment can result in sudden
death. Three recent North American studies have reviewed
the effect of patient transfer on the chance of survival in
patients with ruptured aneurysms.16-18 All three concluded
that although transfer delayed definitive surgical repair, it
did not adversely affect a patient’s chance of survival.
One of these studies was from our center,17 and on first
review, these reports may offer support for centralization of
ruptured aneurysm services. However, these reviews in-
cluded only those patients who survived transfer to the
treating facility. The patients were preselected to exclude
unstable patients who died before or during transfer. Who
is to know whether any of those patients would have
survived if offered repair at the local hospital? A similar
concern was expressed in the UK when in one study, less
than half of all patients with ruptured aneurysms were
transferred to a regional vascular unit, and only a few of the
patients who were not transferred received an attempt at
surgery at their local hospital.19 As a result, the authors
were correctly concerned that centralization of vascular
services could lead to inappropriately low operative and turvival rates in patients who are not transferred to regional
ascular units.19
So, with ruptured aneurysms, centralization of surgical
are might not be the answer. Patients who survive transfer
nd subsequent repair are likely those who would have
urvived repair at their local hospital, and those who do not
urvive transfer might have survived if treated at the initial
nstitution.
However, although very important, the actual aneu-
ysm repair is only one component of the patient’s treat-
ent. Expert anesthesia and intensive care (therapy) unit
ICU/ITU) attention is also necessary to ensure survival.
erhaps a strategy of urgent surgical repair at local hospi-
als, followed by transfer to higher-volume regional units
or ICU/ITU care, would reflect the need for timely
urgical attention and expert—and expensive—postoperative
are. This strategy has not been widely or formally evalu-
ted to date.
ATIENT PREFERENCE
One of the primary arguments in favor of centralization
s based on the negative correlation between case volume
nd the risk of perioperative death. Although to surgeons it
s logical that patients would prefer a lower risk of death,
his may not always be the case. Patient decision making can
nvolve a number of factors, and surgeons’ dependence on
ortality risk in making decisions can border on the pater-
alistic. From the patient’s perspective, there may be ben-
fits to local care, including convenience, proximity to
ersonal support systems, and continuity of care with famil-
ar physicians that could outweigh the promise of lower
erioperative mortality.20 This area of investigation is un-
erexplored, but one of the few relevant studies found that
5% of American patients would prefer local surgery for
heir pancreatic cancer even if the mortality risk were dou-
le that of a regional center.21
With aneurysm surgery, the conclusions of such studies
re mixed and probably reflect the questions being asked.
n one hand, 92% of patients were willing to travel at least
hour to have their aneurysm surgery at a center promising
ower mortality rates and the possibility of endovascular
epair.22 On the other hand, another study from the UK
ound many patients preferred local care and would accept
he higher mortality rates that such a decision could in-
ur.23 One explanation for the different results rests in the
atient population being assessed. It is not surprising that a
ainly urban population in a large metropolitan area, such
s London (UK), might accept a travel distance for care
hen it represents a 1-hour tube ride,22 whereas a similar
ravel time in a rural environment would require more
ffort.23 The latter situation more accurately represents
hat North American patients face as they more commonly
ravel greater distances, across a larger geographic area, for
ertiary and quaternary surgical care, compared with their
uropean counterparts.
Regardless, by restricting the centralization argument
o purely physician-designated outcome measures, we fail
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that in some instances are just as important. Without a
doubt, these will have different implications for rural and
urban populations and for patients in different jurisdictions
but should be considered nonetheless, before blindly
adopting a centralization strategy. After all, our patients are
the ones who inevitably benefit, or suffer, from such health
policy decisions.
HEALTH CARE DELIVERY
Although the current debate includes AAA surgery, the
effect of centralization on the provision of general vascular
surgery care needs to be considered. AAA repair, whether it
is open or endovascular, remains the defining procedure of
our specialty and the staple of vascular surgeons’ practice.
In many countries, any hospital that lost its ability to
perform AAA repairs during a centralization initiative
would likely lose the bulk of its vascular surgery coverage as
vascular surgeons shifted their practices to the centers des-
ignated to provide aneurysm care.24,25 Carefully coordi-
nated outreach programs can maintain some premise of
vascular surgery services at these service-depleted hospitals,
but coverage would be primarily on an outpatient clinic
basis during daytime hours.24
It is unclear whether a centralization strategy would
result in financial or budgetary benefits. It is predicted that,
at best, there could be modest financial benefits with cen-
tralization, with higher-quality service provided at a similar
cost per case.24,25 Even with a successfully coordinated
centralization strategy for AAA surgery, patient benefit
might be disparate and inversely related to the distance
from the hospital. This principle of “distance decay” de-
scribes the underutilization of health services by patients
living in remote and rural areas.26 Although unavoidable to
a certain extent, several strategies have been suggested to
minimize the negative effects of centralization on these
patients, including enhancement of outreach programs,
information technology, rural transport systems, and equi-
table funding strategies.26 Such strategies will be necessary,
such that all patients benefit from centralization to differing
degrees, or at least are not harmed.
CONCLUSIONS
I do not doubt that a volume-outcome relationship
involving aneurysm care does exist in some instances. How-
ever, case volumes do not necessarily equate with care
quality in as simple a linear fashion as we might hope.
Therefore, it is too simplistic for important health care
delivery decisions, such as centralization, to depend solely
on case volumes, whether it is at the surgeon or the hospital
level. Patient outcomes and other quality of care indexes
should drive such decisions and also serve to assess their
effects, and need for revision, on an ongoing basis.
Of course, any service consolidation decision will have
ramifications in specific clinical scenarios (ie, ruptured an-
eurysms) and with certain patient populations (ie, rural
patients) that will require further exploration. These discus-ions should include health care providers and policy mak-
rs, in addition to patients. After all, they are the ones who
ill benefit, or suffer, as a result of these decisions.
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Rural Remote Health 2005;5:390.EDITORS’ COMMENTARYThomas L. Forbes, MD, and Jean-Baptiste Ricco, M
Our debaters have examined the volume-outcome relation-
ship with abdominal aortic aneurysm repair (AAA) and both sides
of the centralization of care argument. Several unanswered ques-
tions warrant further exploration.
What is the role of an individual surgeon’s annual caseload?
After a review of the literature, Henebiens et al1 failed to demon-
strate a hospital volume threshold for safely performing open AAA
repair. A possible explanation is that most of the publications
analyzing volume-outcome relationships for complex procedures
such as AAA repair have focused on annual hospital case volumes and
not the individual surgeon’s annual caseload. A meta-analysis by
Young et al2 suggested an association between high surgeon caseload
and decreased mortality for elective open AAA repair, but the
potential intrinsic role of hospital volume in this relationship was
not analyzed. The Finnvasc study group3 observed a correlation
between surgeon experience and the mortality rate with elective
AAA repairs. However, there was no association between hospital
volume and mortality rates in elective or ruptured AAA operations.
A recent report from McPhee et al4 addressed this issue and
again demonstrated that considering case volume, the main factor
driving the mortality reduction is surgeon volume, not institution
volume. These findings indicate that surgeon volume is probably a
more critical determinant of outcome after open AAA repair than
hospital volume. Some details of the McPhee study are particularly
important in this debate. They found that at the highest volume
institutions, the mortality rates of low-volume surgeons were
nearly twofold those of high-volume surgeons (5.1% vs 2.8%), a
rate very similar to the overall mortality rates at medium-volume
(4.9%) and low-volume (5.9%) institutions. It appears that individ-
ual surgeon volume may be more important than that of the
hospitals.
What about the surgeon’s training and specialty? In many
reports, the volume-outcome analysis for open AAA repair is not
limited to vascular surgeons, but includes general surgeons per-
forming vascular surgery occasionally and with variable training in
this specialty. This may explain the elective 20% mortality rate for
open AAA repair of many small-volume centers in the United
Kingdom (region A), as noted by Thompson et al in this debate.
Hannan et al5 showed in their analysis of the mortality rate of
patients undergoing elective AAA repair in New York State that the
quality of care was significantly improved when operations were
performed by surgeons who (1) specialized in vascular surgery, (2)
performed a comparatively large number of aneurysm operations,
and (3) operated in hospitals where these procedures were rela-
tively common. Volume-outcome relationships at the individualhD, London, Ontario, Canada; and Poitiers, France
hen the training and specialty of the care providers is not consid-
red.
As mentioned, there are several possible risks of centralization.
ven with the best coordinated centralization system for AAA,
mergency patients living in rural areas may not benefit from
entralization, and we must accept that an occasional patient will
ie during transportation. Other potential difficulties of centraliza-
ion include concerns on the part of hospitals losing vascular
urgery and insufficient capacity at a single site to manage the
ncrease in workload.
Further information regarding the volume-outcome relation-
hip is required in recognition that successful outcomes after AAA
urgery depend on a number of factors. In addition, it can be
ifficult to identify the reason for improved outcomes in such a
omplex clinical care environment.3 As noted by Holt et al,6 with
urther understanding of these relationships we can shift our
mphasis from “how many do I need to treat” toward “what
rganizational features are necessary to ensure the best results for
y patients.” These features, whether they be of centralization or
therwise, will also need to reflect the realities of different jurisdic-
ions. That is, although volume-outcome relationships exist, cen-
ralization may be the answer in some geographic areas and health
are systems, but not others.
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